ABSTRACT Results of psychometric tests were obtained on 161 male welders and other tradesmen in heavy industry who had recently been made redundant. Anxiety and depression were scored on the Hospital Anxiety and Depression Scale, and negative attitudes and beliefs regarding breathlessness and related aspects of respiratory health on a semantic differential scale. Scores for attitudes and beliefs about health and personal disability were pooled to give a general attitude score. Personality was rated on a standard scale. Subjects completed a questionnaire on respiratory symptoms and underwent routine spirometry, measurement of carbon monoxide transfer factor for the lung, and a progressive exercise test on a cycle ergometer. Scores for anxiety, depression, and negative mental attitudes were significantly intercorrelated; subjects with disordered personality profiles had above average scores for anxiety and depression. The psychometric scores were associated with clinical grade of breathlessness, lung function, and the physiological response to exercise. The general attitude score could be predicted from the anxiety and depression scores and from lung function expressed relative to age and stature, the combination ofmood score and FEV1 explaining 38% ofthe variance in general attitude score. The general attitude score accounted for more than half the explained variance in the clinical grade of breathlessness and contributed more to the variance in maximal oxygen uptake (R2 = 0 11) than FEV,. It was associated with the level of habitual activity but not with smoking category, wheeze, chronic cough or phlegm. Thus attitude to disability reflected the subject's assessment of his exercise capacity and was closely related to the clinical grade of breathlessness.
Introduction
Undue breathlessness on exertion is the principal symptom of most chronic lung diseases in working men and is associated with a reduction in exercise capacity. The symptom develops insidiously and the person often imagines that the cause is merely increasing age. Medical help is usually sought only after more than 30% of the previous capacity has been lost. By this stage the changes in exercise capacity may be irreversible and this may cause the man to take a gloomy view of his respiratory and general health. These negative attitudes were shown by Morgan and colleagues to be a better guide to loss of exercise capacity than the forced expiratory volume in one second (FEV,) , forced vital capacity (FVC), or trans-Relation oflungfunction and exercise capacity to mood and attitudes to health heavy industry who had recently been made redundant. The assessments were carried out in conjunction with a respiratory survey and were approved by the local ethical committee. The men were seen initially at their homes, where the Medical Research Council questionnaire on respiratory symptoms (1976)* was completed and an occupational history obtained. Habitual physical activity was rated on a four point scale going from (1) inactive, (2) occasional exercise, (3) regular but non-competitive sport, and (4) participation in competitive sport. 5 Subjects then attended the laboratory for measurement of ventilatory capacity by dynamic spirometry, carbon monoxide transfer factor ofthe lung by the single breath method, and the physiological response to progressive submaximal exercise on a cycle ergometer. A self administered questionnaire scoring anxiety and depression and a semantic differential assessing the subjects's attitudes and beliefs regarding his health were completed.
LUNG FUNCTION TESTING
Spirometry was performed with a dry bellows spirometer6 with digital display of forced expiratory volume (FEV,), forced vital capacity (FVC), peak expiratory flow (PEF), and the flow rates when 50% and 25% of vital capacity remained to be expired (MEF_, and MEF25) . Before use a volume calibration was carried out with a gas syringe and the timing was checked by using a weight and standard orifice. Three technically satisfactory results were obtained and the highest value for each index was included in the analysis.
Total lung capacity and its subdivisions (residual volume, expiratory reserve volume, and inspiratory capacity) were measured by closed circuit spirometry with helium as the indicator gas. For measurement of TLco a gas mixture comprising 0 3% carbon monoxide and 14% helium in air and a transfer test apparatus (Morgan) The subject's attitudes and beliefs regarding health were measured by using a semantic differential'3 modified from that used by Morgan and collegues.' The attitudes studied were to "my general health," "myself," "my breathlessness," "my breathlessness can be improved," "physical exercise," and "physical exercise is good for me"; they were tested by using pairs of contrasting adjectives (concepts, (table 3) and also with the general attitude score; to avoid error due to collinearity in multiple regression analysis, not more than one psychological index was included at a time in the main analysis. The variables that best described the respiratory symptoms, lung function, and the physiological response to exercise were identified by multiple regression and logistic regression analysis. The independent variables were the psychological indices and the reference variables-age, stature, smoking history, trade, fat free mass/stature2 and percentage of fat. Exsmokers were defined as men who had discontinued smoking for a minimum of one month; those who had done so within the last 10 years were "recent exsmokers." The reference variables were not significantly correlated with each other or with the psychological variables, so could be entered concurrently into the multiple regression analysis. The psychological indices were entered singly after the contribution of the reference variables had been established; they were entered both in linear form and after logarithmic transformation, which had the effect of improving the symmetry oftheir distribution. The two methods produced similar results; the linear results are reported. For the analysis of lung function the measurements for all 161 subjects were used. Confining it to the 129 men who performed the exercise test led to a nearly identical result.
An IBM 370 computer was used with the SPSSx package of Statistical Programmes for the Social Sciences of the University of Michigan."4 The BMDP package'5 was used for the logistic regression analysis.
The 5% level of probability was accepted as significant.
Results
During the study 299 men were visited at home, of whom 169 subsequently attended the laboratory and 161 took part in the study. Ofthe remainder, 55 were ill or refused to attend and 75 failed to keep appointments for the psychological tests and in eight cases the information was not complete. The subjects comprised 101 welders, 36 caulkers or burners, and 24 other tradesmen. They were mainly in the later part of their working life and their lung function ranged from normal to greatly impaired (table 4). The principal abnormality was airflow obstruction but a few men had restriction of lung expansion or defective gas transfer or both. The psychological scores for anxiety and depression similarly covered a wide range but with a distribution skewed towards the lower or more normal end of the scales. When scores based on dichotomous variables were used, 31 men were defined as anxious and 40 as depressed. The personality assessment suggested that 20 subjects had disordered personalities; seven were classed as antisocial, one as dependent, three as inhibited and nine as withdrawn personalities. Personality defined in this way did not correlate with lung function or attitude scores. Subjects identified as having disordered personalities did, however, have above average scores for anxiety and depression. For the semantic differential a variable number of concepts contributed to the several attitude scores (table 1), which therefore differed in magnitude (table 2); for each attitude the average score per concept was in the range 2-3.
The general attitude score could be predicted from the score for anxiety or depression and the result of the relatively effort independent lung function tests-FEV, MEF50 or MEF25-standardised for age and stature. The combination of either of the mood scores and FEV, explained 38% of the variance in the general attitude score (R2 = 0 38); rather less was accounted for when the other lung function indices were used. When the mood was depression the prediction was increased by a further 2% by the addition of the index of exercise ventilation (VE45).
The contributions of the psychological scores to the The fio2max(%) showed a significant negative correlation with the anxiety score and general attitude score but was independent of the score for depression. 
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Relation oflungfunction and exercise capacity to mood and attitudes to health It was correlated positively with FEV, but was independent of FVC and TLCO (table 6) . When fio2max(%) was described in terms of the general attitude score (R2 = 0.09), adding FEV,, either as the absolute value or as a percentage of the predicted value, did not further increase the explained variance. Undue breathlessness on exertion was associated with a low FEV, and with wheeze and there were weak associations with anxiety and depression; the general attitude score was a better guide to breathlessness than any of these indices, describing 24-8% ofthe explained variance. The psychological indices did not relate to wheeze or chronic bronchitis.
The psychological indices were correlated negatively with the score for habitual activity but were independent of age, percentage of body fat, and smoking category (non-smoker, smoker, or exsmoker). Smoking was associated with wheeze and a relatively low FEV, and was independent of the psychological scores. The ex-smokers on average had somewhat higher values for FEV, than the smokers (p = 0.056). Mood contributed to the description of many lung function indices and the grade of breathlessness. Anxiety was also associated with a reduced exercise capacity relative to expected maximal oxygen uptake (fio2max(%)); it was not, however, associated with an increase in cardiac frequency during submaximal exercise. This might have occurred if anxiety was influencing the exercise performance. Combining the mood and attitude indices into a single composite index did not explain more of the variance in the physiological indices than did the general attitude score alone. These observations suggest that the association oflung function with mood was secondary to an association with attitude to health and not causal. A stronger relation to mood would be expected in more disabled subjects since hypoxaemia predisposes to psychological disturbances'6 but the mood would still have been a consequence of the impaired lung function and not a cause.
Five attitudes out of the six that were examined contributed to the general attitude score. The attitudes were represented on an additive basis with equal weight given to each; the results were similar whether equal weight was given to each attitude or the five attitudes were scored individually, showing that the results from the general attitude score were stable and not dependent on a particular method of scoring.
The attitude score for "my breathlessness can be improved" did not conform to the same pattern as the others and did not contribute to the description of clinical grade of breathlessness or other dependent variables. This appeared to be because some men who said they were not breathless answered in a negative manner, presumably taking the view that if they did not experience breathlessness they could not experience less. Hence the scores had a bimodal distribution with respect to grade of breathlessness and could not be interpreted on this account.
The general attitude score was associated most strongly with the clinical grade of breathlessness, an index of performance with a large subjective component. It also showed important associations with peak expiratory flow rate and Io2max, both of which are effort dependent, and with the FEV, and VE45, which in patients with lung disease are predictors of exercise capacity. ' capacity and to the physiological dimensions that supported it. The associations were somewhat stronger for indices that were effort dependent than for those where effort did not affect performance. This sequence suggested that the general attitude score was conditioned by the exercise capacity, and by environmental and other factors, including mood, that affected the attitude of the patient to his disability. Having an abnormal personality contributed through its influence on mood, though not directly (fig) .
The wide range of attitudes observed among men having the same respiratory impairment reflected the many factors that contributed. The present study identified trade as one such factor, welders and burners having a higher general attitude score than other tradesmen. Other factors could have related to personal or family difficulties, including redundancy. Any short term fluctuations in these factors would have contributed to variability in the cross sectional results. In the longer term, trends that persisted could confer stability; thus changes in general attitude scores over time might be expected to be more closely related to respiratory variables than general attitude scores analysed cross sectionally (this was the case for the grade of breathlessness in a previous study '8) .
In the present study the grade of breathlessness and the general attitude score were nearly interchangeable, each accounting for almost the same proportions of variance in the physiological indices. The general attitude score could reflect a response to disability; the attitudes could also be formative, by influencing habitual activity. Negative attitudes encourage inactivity, causing unfitness, and an exercise test may thus be discontinued at a lower rate of work than would otherwise have been the case. Positive attitudes would have the opposite effect, and might explain why the exercise capacity of men with respiratory impairment can be improved by exercise training, without any commensurate improvement in lung function.'9 The association could also explain why, for a given physiological impairment, men who are at work have a higher exercise capacity than those of similar age who are unemployed.2 Unexpectedly, attitudes were not different between current smokers and ex-smokers despite the better lung function in the ex-smokers. The act of stopping smoking might have been expected to engender a positive attitude to respiratory health, but many of the present ex-smokers had been persuaded to give up because they were found to have symptoms during the previous survey and this could have affected their attitude.
In this study the men with respiratory impairment Relation oflungfunction and exercise capacity to mood and attitudes to health and associated breathlessness on exertion had negative attitudes to health, as did those with a low level of habitual activity. These features were almost certainly causally related. A possible association with employment could not be investigated in depth as the study was confined to men recently made redundant, and the general attitude score was not related to duration of redundancy. In view of the association between exercise capacity and employment, the general attitude score might be expected to improve in men who return to work. Longitudinal studies should be informative, and might be used to promote the respiratory health and long term employment prospects ofmen with respiratory impairment. Meanwhile, the general attitude score provides a quantitative index of respiratory well being and is likely to have many applications on this account.
